Many theories beyond the Standard Model predict new phenomena which decay to well isolated, high-p T leptons. Searches for new physics with these signatures are performed using the ATLAS experiment at the LHC. The results reported here use the pp collision data sample collected by the ATLAS detector at the LHC with a center-of-mass energy of 13 TeV.
Introduction
The Standard Model (SM) of particle physics is a very successful predictive theory which explains the fundamental interactions of elementary particles in the universe, except for gravity. However, the SM is known to be an effective theory that is valid only in a low energy regime, called the electroweak scale, and does not account for many observed experimental results. For example, it does not offer a satisfying explanation for neutrino masses or dark matter. Hence, it is clear that to fully understand and explain nature, a theoretical framework that goes beyond the Standard Model (BSM) is required.
The ATLAS experiment [1] at the Large Hadron Collider (LHC) has collected an unprecedented amount of data at √ s = 13 TeV. This dataset can be used to search for new physics in various ways. Leptons are very clean objects within the ATLAS detector, and can be triggered on quite efficiently. Hence, searching for new physics in events with leptonic final states is extremely appealing. Using the latest ATLAS data, searches for new phenomena in leptonic final states are performed. In particular, section 2 presents a search for a new heavy gauge boson resonance decaying into a light lepton (electron or muon) and a neutrino, section 3 presents a search for highmass resonances decaying into a tau and a neutrino, section 4 presents a search for new high-mass phenomena with two light leptons in the final state, and section 5 presents a search for lepton-flavor-violating decays of the Z boson into a tau and a light lepton.
W → lν search
To isolate the potential signal coming from the decay of a new heavy gauge boson resonance decaying into a light lepton (electron or muon) and a neutrino [2], events with large missing transverse momentum (E miss T ) and containing exactly one isolated lepton with large transverse momentum (p T ) are selected. The discriminating variable used in this W → lν search is the transverse mass
where φ lν is the azimuthal angle between the directions of the lepton p T and the E miss T in the transverse plane. The m T distributions for the electron and the muon channel are shown in Figure 1 . The multi-jet background process is estimated using the data-driven matrix method, whereas all other background processes are estimated using Monte Carlo (MC). The dominant background process is the chargedcurrent Drell-Yan (DY) W boson production (shown in white in Figure 1 ). The largest systematic uncertainties arise from the fake electron background estimation, the muon reconstruction, the lepton momentum scale and resolution, and the parton distribution function (PDF) variation.
In the absence of a new physics signal in the m T spectrum, an upper limit is placed on the W cross-section (σ) times branching ratio (BR) into an electron or muon as a function of the W mass, as shown in Figure 2 . From this, a lower limit on the mass of the Sequential Standard Model (SSM) [3] W boson, the benchmark new physics model used in this search, is placed at 5.6 TeV. This mass limit corresponds to a 500 GeV improvement with respect to the previous ATLAS result [4] , which used only 36 fb −1 of data compared to the 79.8 fb −1 used for this analysis.
3 W → τ ν search W bosons can also decay into τ leptons and a neutrino. This decay mode is treated separately from the light lepton decays because of the different reconstruction techniques required for the τ lepton. The τ lepton decays into a W * boson and a neutrino, with the W * boson subsequently decaying into various final state particles. Only hadronically decaying τ leptons, which account for ∼ 65% of the total τ lepton branching fraction, are considered in this analysis. Typically, hadronically decaying τ leptons decay into a neutrino, one or three charged pions, and up to two neutral pions. The search for high-mass resonances decaying into a tau lepton and a neutrino [5] is particularly important for BSM models with enhanced third generation couplings, e.g. the non-universal G(221) model [6] .
Events are required to have fired a E miss T trigger, and an offline E miss T cut of 150 GeV is applied in order to minimize the trigger efficiency uncertainty. The visible τ lepton decay products candidate, τ had-vis , must have p T > 50 GeV, |η| < 2.4, one or three associated tracks, and net electric charge of ±1. Finally, an electron and muon veto is imposed to reduce electrons misidentified as τ had-vis .
The discriminating variable used in this W → τ ν search is the transverse mass of the W boson, as described in equation 1, with the light lepton being replaced by the τ lepton. The m T distribution of events passing the final selection is shown in Figure 3 . The jet background is estimated using the data-driven fake factor method, and the non-jet background is estimated using MC simulation. By performing a counting experiment in the tail of the m T distribution, limits on various BSM theory parameters can be set. Figure 4a shows the upper limit on the cross-section times branching ratio of the W as a function of its mass. Figure 4b highlights the complementarity of this search to other BSM searches, extending the sensitivity over a large fraction of the cot φ NU − m W parameter space. 
Z → ll search
New high-mass phenomena such as Z bosons decaying into two light leptons in the final state are searched for by selecting events with one pair of same-flavor, isolated leptons with p T > 30 GeV [7] . The dominant background is the neutral-current DY process which is estimated with MC, while the multi-jet and W+jets backgrounds in this search are estimated using the data-driven matrix method in the electron channel, and are found to be negligible in the muon channel. The invariant mass of the dilepton system is used as the discriminating variable in this analysis, and its distribution is shown for the dielectron and dimuon channels in Figure 5 . Upper limits on the σB of the Z boson as a function of its mass are shown in Figure 6 . Lower limits on the mass of the Z boson for various BSM models are also shown. In particular, a lower limit on the mass of the benchmark Z SSM boson is set at 4.5 TeV.
Lepton-flavor-violating Z boson search
Lepton-flavor-violating (LFV) Z boson decays are predicted by models with heavy neutrinos [8] , extended gauge models [9] , etc. This search considers LFV decays of the Z boson into a light lepton (electron or muon) and a tau. Similarly to the search presented in section 3, this analysis only considers hadronically decaying τ [10]. A 
= 13 TeV, 36.1 fb s Figure 6 : 95% C.L. upper limit on σB as a function of mass for the Z → ll search [7] .
cut on the invariant mass of the system composed of the light lepton and the τ had-vis candidate or track is placed, rejecting events where the invariant mass is compatible with the Z boson mass in order to reject SM Z boson events (depicted in Figure 7 ). Signal events are expected to have the missing transverse momentum from the neutrino in a direction close to the τ had-vis candidate, resulting in a small transverse mass between the τ had-vis candidate and the E miss T . Figure 8a highlights this by comparing the m T distributions for the signal and background processes of this analysis. Events where the τ had-vis candidate originates from a quark-or gluon-initiated jet are estimated using the data-driven fake factor method, and all other processes are estimated from MC simulation. Finally, signal events passing the selection are classified using a neural network (NN) trained to discriminate Z → lτ signal events from background events. The output distribution of the NN for the muon channel is shown in Figure 8b . These output distributions are analyzed in a template fit to data, and upper limits on the LFV decay branching fraction are then set at the 95% C.L. using the CL S method: B(Z → µτ ) < 2.4 × 10 
Conclusion
The ATLAS experiment has a rich program of new physics searches using leptonic final states. Four of these searches were presented using the latest recorded data with a center-of-mass energy of 13 TeV, and many were not covered in this text. No significant excess above the SM expectation was found, therefore limits were set on relevant BSM theory parameters. As ATLAS approaches the recording of the full Run 2 dataset, updated results for these and other searches will further increase the sensitivity of ATLAS searches for new physics.
